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CHAPTER  1  INTRODUCTION 


1.  PURPOSE  AND  SCOPE.  The  intent  of  this  document  is  to  present  to  the 
reader  the  siting  criteria  established  for  the  Microwave  handing  Svstems 
(MLS).  Use  of  Lite  MLS  computer  model,  data  gathered  from  signal  measure¬ 
ments  and  testing,,  and  insight  gained  from  past  work  with  the  Instrument 
Landing  System  (ILS)  have  contributed  signl f leant ly  to  the  development  of 
tills  document. 

Incorporated  in  Chapter  1  is  a  brief  presentation  of  the  background  of  the 
MLS  along  with  the  rationale  for  its  development.  Chapter  2  begins  with  a 
general  discussion  of  MLS  and  its  theory  of  operation,  as  well  as  its 
growtii  potential  and  operational  capabilities.  Ctiapter  3  is  devoted  to  MLS 
power  and  site  preparation  requirements.  Chapter  4  introduces  a  general 
discussion  on  topics  germane  to  siting,  such  as  critical  areas,  multipath, 
and  shadowing.  Chapter  5  discusses  basic  siting  criteria,  and  finally, 
Chapter  6  Is  concerned  with  specific  criteria  developed  from  the  analysis 
of  propagation  anomalies  (multipath,  shadowing,  etc.),  and  a  discussion  of 
computer  modeling  to  aid  in  siting. 

2.  BACKGROUND .  The  concepts  of  the  Microwave  Landing  System  date  back  to 
the  early  1950's.  From  this  time  it  has  seen  various  improvements, 
electronic  scanning  and  solid  state  digital  electronics  to  name  two,  which 
have  contributed  to  the  development  of  the  present  day  MLS. 

MLS  is  designed  to  be  an  all-weather  precision  approach  and  landing  system 
capable  of  meeting  accuracies  equivalent  to  ICAO  category  Ill  standards 
[IJ.  MLS  operates  with  an  internationally  standardized  signal  format. 

Thus,  any  aLrcraft  equipped  with  a  standard  MLS  receiver  can  make  a  guided 
approach  to  any  MLS-equtpped  runway.  MLS  also  offers  a  large  volume  of 
guidance  coverage,  which  allows  for  segmented  as  well  as  curved  approaches. 
This  is  desirable  for  noise  abatement  or  other  special  conditions.  MLS 
also  provides  a  continuous  ground-to-air  data  link  to  the  aircraft.  Its 
modular  design  makes  It  flexible  and  capable  of  meeting  the  needs  of  Indi¬ 
vidual  Installations. 

3 .  RATIONALE  FOR  THE  DEVELOPMENT  OF  MLS.  MLS  overcomes  the  single 
approach-path  limitations  of  ILS,  and  can  provide  improved  approach 
guidance,  meeting  requirements  predicted  for  the  foreseeable  future.  It  is 
estimated  that  a  minimum  of  100  channels  will  be  needed  if  the  predicted 
channel  congestion  is  to  be  avoided  [2J;  MLS  can  provide  200  channels  [3). 

The  MLS  format  can  provide  proportional  guidance  over  a  maximum  service 
volume  of  ±62  degrees  in  azimuth  and  up  to  +30  degrees  in  elevation,  per¬ 
mitting  segmented  and  curved  approaches,  and  a  selectable  glide  angle  [4J. 
(Typically  proportional  guidance  will  be  ±40  degrees  In  azimuth  and  +15 
degrees  In  elevation.)  This  capability  allows  the  selection  of  approach 
profiles  that  best  fit  the  performance  capabilities  of  the  aircraft,  maxi¬ 
mizes  the  number  of  approach  aircraft  by  making  possible  a  more  efficient 
list*  of  approach  airspace,  and  enhances  noise  abatement  by  allowing  spe¬ 
cialized  approach  paths  which  avoid  nearby  communities. 


Kmp  I  oy  !  r  i  >;  :i  1  e  riiu.iv  f  requeue  i  es  allows  MI.S  antennas  to  bo  "o  I  oo  i  rou  1  ra  I  l  y  " 
large  will  I  o  ro.ii  i  I  i  i  up,  relatively  small  physically.  Thoso  I  a  roe  aperture 
antennas,  very  directive  In  nature,  establish  a  narrow  beam  in  space.  This 
characteristic  i  an  he  used  by  the  sit  Inf'  engineer  to  minimize  (lie  amount  of 
r  e  I  looted  !<!•'  mieri'p  from  hangars,  airport  buildings,  and  air  r  lit  on  the 
p.rouud  . 

Digital  signal  processing  may  be  incorporated  in  the  MLS  nticiver  to  reduce 
the  effects  of  multipath,  along  with  the  capability  to  receive  data.  Such 
information  as  azimuth  angle  offset,  runway  heading,  precision  distance- 
measuring  equipment  (DMb/R)  offset,  and  elevation  antenna  height  can  be 
transmitted  to  the  aircraft  continuously  via  dat  t  link. 

Unlike  ILS,  MI.S  antennas  do  not  rely  upon  a  large  ground  plane  to  establish 
the  signal  In  space,  and  thus  MLS  is  Less  vulnerable  to  terrain  effects. 
This  tact,  plus  the  small  physical  size  of  the  MLS  antennas,  allows  more 
flexibility  and  reduced  costs  in  siting. 

Through  the  use  ot  digital  design  and  microwave  RK  frequencies,  MLS  can 

pro v i de  t  he  f  o 1 1 ow i ng : 

-200  channels 

-increased  operational  capabilities 
-h i gh  re 1 1  ah  1 l i t y 

-excellent  signal  quality  and  guidance 

-  the  flexibility  to  meet  difficult  siting  requirements 


CHAPTER  2  DESCRIPTION  OF  Ml.S 


1.  (.'ROUND  SYSTEM  I.AYOUT.  The  FAA  standard  Ml.S  v round  syM  cm  <unl  iguralion 
consists  '>1  I  lie  lollowin)’,  (set’  Figure  1)  | 3  J  : 


-appro. u  li  azimuth  station 
-approach  e  1  >* vat  1  on  station 

a-  Ap  proach  Azimuth  Station.  The  approach  azimuth  s  t  a  I  ion  (42.)  is 
normally  located  at  the  stop  end  of  the  runway.  Figures  2  and  I  show  the 
structure  of  typical  approach  azimuth  equipment;  the  exact  design  of  the 
equipment  to  be  installed  may  not  look  exactly  like  this.  This  stition 
provides  lateral  guidance,  range  information,  and  data  transmission  to 
aircraft  on  approach  and  is  composed  of  [5J: 

-approach  azimuth  equipment  [4] 

data  transmission  equipment  (basic  and  auxiliary) 
azimuth  equipment  electronics 
azimuth  executive  monitor 

one  set  of  cables,  waveguides,  connectors,  and  fittings 
one  of  the  following  azimuth  antenna  options 

1)  2-degree  beamwldth,  i40  degrees  proportional  lateral 
coverage . 

2)  1-degree  beamwidth,  ±40  degrees  proportional  lateral 
cove  rage . 

1)  1-degree  beamwldth,  with  at  least  ±10  degrees 

proportional  lateral  coverage  with  low  side  lobes. 

4)  l-degree  beamwldth,  ^60  degrees  proportional 
lateral  coverage 

5)  3-degree  beamwldth,  ±40  degrees  proportional  lateral 
coverage 

-DMF/P  equipment  [6] 

DMF./P  transponder 
OMF./P  executive  monitor 

one  set  of  cables,  waveguides,  connectors,  and  fittings 
-equipment  maintenance  monitor 
-station  powe  r 

b.  Approach  Elevation  Station.  The  approach  elevation  station  may  be 
located  on  either  side  of  the  runway  centerline  (see  Figure  4).  The  func¬ 
tion  of  this  station  is  to  provide  vertical  guidance  to  the  aircraft  on 
approach.  This  station  is  composed  of  [5]: 

-elevation  equipment  [4] 

elevation  equipment  electronics 
elevation  executive  monitor 

one  set  of  cables,  waveguides,  connectors,  and  fittings 
one  of  the  following  elevation  antenna  options 

1)  1.3  degree  beamwidth,  +0.9  to  +15  degrees  vertical 
proportional  coverage 

2)  l-degree  beamwidth,  +0.9  to  +15  degrees  vertical 


Figure  I.  Standard  MLS  Ground  System  Confieurat 


Azimuth  Equipment  (Front  View). 
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Fi«ur('  5.  I  beamwidth,  *40°  Scan  Azimuth  Equipment  (External). 
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gure  4.  Approach  Elevation  Equipment. 


proportional  coverage 

3)  2-degree  beamwidth,  +0.9  to  +1  r>  degree:;  vrl  ir.il  proportional 
cove  rage 

-equipment  maintenance  monitor 
-station  power 

Table  l  lists  combinations  of  the  azimuth  and  elevation  option-;  according 
to  the  types  defined  In  the  initial  production  contract. 

c.  Remote  Control  and  Status  Unit  (RCSIJ).  The  Remote  Control  and 
Status  Unit  shall  be  installed  in  the  primary  ATC  facility  and  shall  inter¬ 
face  directly  with  the  MLS  equipment.  The  RCSIJ  shall  interface  with  two 
Remote  Status  Units  (RSIJ).  The  RCSU  shall  provide  at  least  the  following 
control  and  display  features: 

1.  Intensity  controls  for  lamps  and  indicators. 

2.  Controls  for  switching  the  function  transmissions  ON  or  OFF.  The 
capability  to  re-start  the  equipment,  (i.e.,  attempt  to  enter  the 
normal  radiating  mode  from  a  shutdown  condition),  shall  also  be 
provided . 

3.  Aural  indication  for  alarm  and  alert  conditions  with  loudness 
control  and  silence  switch.  The  range  of  adjustment  of  loudness 
shall  not  allow  complete  silencing  of  the  aural  alarm.  The 
silence  switch  shall  be  a  momentary  type  which  will  silence  the 
current  alarm,  reset  upon  release,  and  then  automatically  re-arm 
to  be  ready  for  the  next  alarm. 

4.  Visual  indicators  for  Normal,  Secondary  Alerts,  and  Alarm 
cond  i  t  i  oils . 

3.  Separate  status  Indications  for  each  MLS  Ground  F.quipraent. 

6.  Mechanism  to  change  and  display  auxiliary  data  words. 

7.  Primary  battery  power  status  indicator  for  each  MLS  Ground 
Stat ion. 

8.  Approach  Azimuth/Back  Azimuth  switching  control  for  systems 
without  an  interlocked  system  on  the  opposite  runway  end. 

9.  Runway  selection  (Interlock)  control  for  systems  configured  on 
opposite  runway  ends. 

10.  Power  OM/OFF  switch  for  both  the  status/control  unit  and  the 
electronics  unit. 

11.  Capability  shall  be  provided  to  allow  easy  implementation  of  a 
dual  equipment  configuration. 

12.  Annunciator  for  cont rol-mastership  requests  from  RMMS  and  from  the 
MLS  ground  stations. 

13.  Deny/Grant  switch  for  responding  to  control-mastership  requests. 

d.  Remote  Status  Unit  (RSU).  Each  Remote  Status  Unit  to  be  installed 
in  other  than  the  primary  ATC  facility  shall  provide  the  following  minimum 
features: 

1.  Intensity  controls  for  lamps  and  indicators. 

2.  Aural  indication  for  alarm  and  alert  conditions  with  loudness 
control  and  silence  switch.  The  range  of  adjustment  of  loudness 


sli.i  1  I  nol  allow  complete  silencing  of  the  auril  alarm.  The 
si  'I'mc  switch  1 1. 1 1  1  he  a  momentary  type  which  will  silence  the 
current  alarm,  reset  upon  release,  and  then  automatically  re-arm 
to  be  ready  (or  the  next  alarm. 

1.  Visual  indicator  for  Normal,  Secondary  Alerts,  and  Alarm  con¬ 
ditions. 

A.  Separate  status  Indications  for  each  MLS  Ground  Equipment, 
b .  Primary  battery  power  status  indicator  for  each  MLS  Ground 
Station . 

b.  Power  ON/Or’F  switch. 

2.  SIGNAL  FORMAT.  The  MLS  angle  guidance  and  data  functions  are  time- 
multiplexed  on  a  single-frequency  channel,  selected  from  available  channels 
from  S0T1  to  3090.7  MHz.  F.ach  function  has  a  unique  identification  code. 
The  range  information  provided  by  the  DME/P  is  transmitted  asynchronously 
on  a  paired  frequency  from  979  to  1213  MHz  [3]. 

a.  Guidance  Function  Formats-  The  format  for  the  angle  guidance  func¬ 
tion:;  is  shown  in  Figure  3.  The  format  commences  with  a  preamble  time  slot 
followed  by  sector  and  scanning  beam  time  slots.  The  preamble  contains  the 
Function  identification  code.  This  allows  the  Individual  function  to  he 
randomized  in  order  to  reduce  synchronous  interference  effects. 

b.  Data  Formats.  A  provision  has  been  made  in  the  MLS  signal  format 
for  transmission  of  basic  and  auxiliary  data.  The  data  are  transmitted  by 
differential  phase-shift  keying  (DPSK)  of  the  radio  frequency  carrier  [3J. 

The  basic,  data  format  is  composed  of  32-bit  words.  The  preamble  is  com¬ 
posed  of  the  first  12  bits,  the  next  18  bits  are  for  data  transmission,  and 

the  last  two  are  for  parity  (see  Figure  ba). 

Auxiliary  data  are  encoded  into  7b-bit  words  initiated  by  a  12-bit 

preamble.  Two  formats  are  provided,  one  for  digital  data  transmission,  and 

the  second  for  alphanumeric  data  (sec  Figure  bb)  . 

c.  Morse  Code  Identification.  On  the  C-band  frequency,  the  MLS  azi¬ 
muth  equipment  is  Identified  in  International  Morse  Code  by  the  approach 
azimuth  station  and  the  hack  azimuth  station,  when  present,  by  use  of  a 
DSPK  bit  following  the  preamble.  The  identification  is  composed  of  a  four 
letter  word  starting  with  the  leMei  M,  and  is  transmitted  approximately 
six  times  a  minute.  In  the  receiver  a  "one"  initiates  the  morse  code  sym¬ 
bol  and  a  "zero"  terminates  it  (see  Figure  7)  (3). 

3.  DATA  TRANSMISSION.  An  MLS  facility  transmits  basic  data  to  the  air¬ 
borne  receiver  to  provide  the  Information  needed  for  approach  computations. 
This  information  includes: 

-minimum  glide  slope 
-facility  ident  i f i cat  ion 

-approach  azimuth  to  threshold  distance,  and  coverage  limit 

-equipment  performance  levels 

-beamwidths 

-approach  azimuth  and  basic  azimuth  magnetic  orientation 


figure  Da.  Basic  Data  Organization. 

PREAMBLE  ADDRESS  DATA  PARITY 

!l-li2  -  •  in-^o  i2i-r69 

(a)  Digital  Data 

ASCII  CHARACTERS 

PREAMBLE  ADDRESS  0i  02  03  04  #5  06  07 

!2 1*^28  I29"I36  I37~I44  I43-I32  I69_I76 

(b)  Alphanumeric  Data 

*■  1 '■l"  “  •Vixiliary  Data  Wok)  Organization. 
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Basir  data  will  be  suppl  ement  ed  by  auxiliary  dal  a.  Auxiliary  diia  will 
i  iif  1 1  id  <  ■  antenna  sit  Inf,  geometry  information. 

A.  ANGULAR  MKASUKLMKN T  CONCKI’T  [3].  Angular  posit  ion,  either  elevation  or 
azimuth,  is  determined  by  the  amount  of  Lime  elapsed  between  the  received 
TO  and  FRO  scanning  beam  main  lobes.  Angular  position  is  calculated  by  the 
airborne  receiver  as  follows: 

THKTA  =  (T0-t)V/2 

»^he  re : 

THKTA  =  Azimuth  or  elevation  angle  in  degrees. 

T„  =  Time  separation  in  microseconds  between  TO 
and  FRO  beam  centers  corresponding  Lo  zero 
degrees . 

t  -  Time  separation  in  ui e roseeonds  between  TO 

and  FRO  beam  centers. 

V  ;  Sean  velocity  scaling  constant,  in  degrees 

;>e  r  in  i  o  roserond  . 

Table  2  lists  values  for  these  parameters  [3)  . 

a.  Azimuth.  The  azimuth  antenna  generates  a  narrow,  vertical,  fan¬ 
shaped  beam  which  electronically  scans  across  its  coverage  area  (see  Figure 
8).  The  azimuth  scanning  convention  is  shown  in  Figure'  9  [3].  As  viewed 
from  above  tin*  azimuth  antenna,  the  TO  scan  is  in  the  clockwise  direction 
and  the  FRO  scan  is  in  the  counter-clockwise  direction.  An  illustrated 
example  Is  shown  In  Figure  10. 

b.  elevation.  The  elevation  antenna  generates  a  narrow,  horizontal, 
fan  shaped  beam  which  electronically  scans  across  Its  coverage  area  (see 
Figure  11).  The  elevation  scanning  convention  Is  shown  in  Figure  12  [2]. 
The  TO  scan  I upward.  The  FRO  scan  i  s  downward. 

9.  (’UNCTION  COVKKAGK  RK'Jh  I  RF.MF.NTS .  This  section  outlines  the  minimal 
volume  of  airspace  required  to  he  supplied  with  MLS  guidance  information, 
proportional  guidance  and  clearance  sectors,  as  described  in  FAA-S3’L)-022c 
[3].  Coverage  options  shown  will  hi’  addressed  in  Section  b,  MLS  expansion 
Capa  hi  I i t ies. 

a.  Approach  Azimuth.  The  approach  azimuth  ground  equipment  shall  pro¬ 
vide  guidance  information  as  Illustrated  in  Figure  13.  The  description  of 
the  minimum  allowable  guidance  regions  is  as  follows  [3]: 

Approach  Region 

-  horizontally  within  a  sector  at  least  >40  degrees  about  the 

runway  centerline  originating  at  the  point  on  centerline  closest  to 


Table  .  Value  of  Angle  Guidance  Parameters 


Function 

Maximum 

Scan 

Angle 

(degrees) 

Value  of 
t  for 

Maximum 

Scan 

Angle 

(usee) 

To 

(usee) 

V 

(degrees/ 

usee) 

1  APPROACH  AZIMUTH  -62  to  +62 

13  000 

6  800 

+0.020 

HIGH  RATE 

APPROACH  AZIMUTH-42  to +42 

9  000 

4  800 

+0.020 

BACK  AZIMUTH 

-42  to  +42 

9  000 

4  800 

-0.020 

APPROACH 

ELEVATION 

-1.5  to  +29.5 

3  500 

3  350 

+0.020 

FLARE  ELEVATION 

-2  to  +10 

3  200 

2  800 

+0.010 

igure  9.  Azimuth  Scanning  Convention. 
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Elevation  Scanning  Convention. 


(■'ij’.iiio  1  i.  Approar  h  Ax  i  rnut  <i  Oovcraf'c. 


the  elev.it  Ion  nnienn.i  phase  center  (the  MI.S  datum  polni  )  .ml 
extending  In  the  direction  of  approach  to  70  ii.uii  l.-al  miles.  For  a 

system  providing  '60  degree  lateral  cover. ige,  the  i.mc.e  rci|nire . . 

Is  reduced  to  l  4  nautical  miles  beyond  the  *40  dej;i  cc  .mgui.ir 
coverage. 

-  vertically  between  conical  surfaces  which  originate  on  a  vertical 
Line  passing  through  the  MLS  datum  point,  of  which: 

(1)  The  lower  surface  crosses  threshold  at  2.5  meters  (8  ft.) 
above  the  runway  centerline  Inclined  at  0.9  degree  above 
the  horizontal  ; 

(2)  The  upper  surface  crosses  threshold  at  600  meters  (2,000  ft.) 
above  centerline  inclined  at  15  degrees  above  the  horizontal 
to  a  height  of  6,000  meters  (20,000  ft.). 

Runway  Region 

-  Horizontally  within  a  sector  45  meters  (150  ft.)  each  side  of  the 
runway  centerline  beginning  at  the  stop  end  and  extending  parallel 
with  the  runway  centerline  in  the  direction  of  the  approach  to 
join  the  approach  region. 

-  Vertically  Between 

(1)  A  horizontal  surface  which  is  2.5  meters  (8  ft.)  above 
the  runway  centerline  and; 

(2)  A  conical  surface  originating  along  the  centerline 
extended  beyond  the  stop  end  of  the  runway  which  crosses 
the  stop  end  at  150  meters  (500  ft.)  above  centerline 
inclined  at  20  degrees  above  the  horizontal  to  a  height 
of  600  meters  (2,000  ft.). 

Proporl  i.onal  Guidance 

-  Proportional  guidance  shall  be  provided  in  the  runway  region 
and  in  a  sector  of  at  least  *10  degrees  about  the  runway 
centerline  extended  in  the  approach  region. 

b.  Back  Azimuth.  If  azimuth  guidance  is  desired  for  missed  approaches 
and  departure  guidance  (back  azimuth),  it  will  be  provided  by  a  standard 
MLS  located  at  the  opposite  end  of  the  runway  with  its  preamble  and  time 
slot  changed  accordingly.  This  back  azimuth  shall  supply  guidance  Infor¬ 
mation  in  the  region  shown  in  Figure  14.  The  minimal  guidance  volume  per¬ 
mitted  is  as  follows  [3]: 

Missed  Approach/ Back  Azimuth  Region 

-  Horizontally  in  the  hack  azimuth  region  within  a  sector  *40  degrees 
about  the  runway  centerline  originating  at  the  MLS  datum  point  and 


V" * 


!■'  i  ;',u  i  t>  W4. 


K  ick  !\y.  i  mut  h/bat  ,1  coverage. 


>-xL<-ncl  i  n>>  In  tin-  direct  I  i.ii  ol  in  i  used  approach  at  In  ist  to  20  nauti- 
r  a  I  mill's. 

-  Vertically  In  tin*  hack  azimuth  region  liclwnni  conical  surf  in-s 
which  originate  on  a  vertical  line  passing  through  tin  MLS  datum 
point,  of  which: 

(1)  The  lower  surface  crosses  the  stop  end  at  2.5  met ,  (8  ft.) 
above  the  runway  centerline  inclined  at  0.9  decree  above  the 
hor  izontal; 

(2)  The  upper  surface  crosses  the  stop  end  at  600  meters  (2,000  ft.) 
above  centerline  Inclined  at  15  degrees  above  the  horizontal 

to  a  height  of  1,500  meters  (5,000  ft.). 

Runway  Region 

-  Horizontally  within  a  sector  45  meters  (150  ft.)  each  side  of  the 
runway  centerline  starting  at  the  threshold  and  extending  parallel 
witli  the  runway  centerline  in  the  direction  of  the  stop  end  to 
join  the  Rick  Azimuth  region. 

-  Vertically  Between: 

(1)  A  horizontal  surface  which  is  2.5  meters  (8  ft.)  above  the 
runway  centerline;  and 

(2)  A  conical  surface  originating  along  the  runway  centerline 
extended  beyond  the  stop  end  of  the  runway  which  crosses  the 
stop  end  at  150  meters  (500  ft.)  above  centerline  incline  at 
20  degrees  above  the  horizontal  up  to  a  height  of  600  meters 
(2,000  ft.). 

Proper l Iona  1  On  idance 

-  Proportional  Guidance  shall  be  provided  in  the  runway  region  and 
in  a  sector  of  at  least  tlO  degrees  about  the  runway  centerline 
extended  in  the  hack  azimuth  region. 

c.  Approach  Elevation.  The  approach  elevation  ground  equipment  shall 
provide  proportional  guidance  in  the  regions  illustrated  in  Figure  15.  The 
description  of  the  regions  Is  as  follows  [3]: 

-  Laterally  throughout  the  runway  and  approach  regions  within  which 
proportional  guidance  is  provided  by  the  Approach  Azimuth  ground 
equ i pment . 

-  Longitudinally  from  75  meters  (250  ft.)  from  the  MLS  datum  point 
in  the  direction  of  the  approach  to  20  nautical  miles. 

Vertically  within  the  sector  bounded  by: 


KORlTONTAi. 


I'i/>urc  1  'b .  Approach  Elevation  Coverage. 
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-  A  conical  surf. n  o  original  ini'  a t  the  MLS  datum  point  ami  iuot  iuod 
at  0.0  degree  above  tin'  In  •  r  I  /.onLal  ;  and 

-  A  conical  surface  originating  at  the  MLS  datum  point  ail  inclined 
15  degrees  above  the  horizontal  up  to  a  height  of  6, ()')()  meters 
(20,000  ft.). 

d.  Data  Coverage.  Basic  data  shall  be  transmitted  throughout  the 
Approach  Azimuth  coverage  region  (words  1-6)  and  the  Back  Azimuth  coverage 
region  (words  4,  5,  6). 

in  the  absence  of  Back  Azimuth,  auxiliary  data  words  Al,  A2 ,  and  A)  shall 
be  transmitted  throughout  tile  Approach  Azimuth  coverage  region.  However, 
when  the  Back  Azimuth  coverage  is  pieseut,  auxiliary  words  AJ  and  A4  shall 
he  transmitted  throughout  boLh  the  Approach  and  Back  azimuth  coverage 
regions. 


e.  DM;',/ P .  DML/P  coverage  shall  be  omnidirectional  as  shown  in  Figure 
16.  Coverage  will  be  provided  at  al!  azimuth  angles  and  angles  of  eleva¬ 
tion  between  +0.85  degrees  to  a  minimum  of  +15  degrees  relative  to  the 
DME/P  antenna  phase  center  and  up  to  heights  of  at  least  20,000  ft. 

6  .  MLS  _L\  PANSiOL  <  1APAB  ILf  Ti_LS  . 

a.  Dual  Mode  Azimuth  Antennas.  The  MLS  azimuth  antenna  is  capable  of 
supplying  either  approach  it-  hack  azimuth  function.  This  function  is 
generally  implemented  when  two  complete  sets  of  MLS  ground  equipment  are 
used  to  serve  the  same  runway.  The  MLS  equipment  is  configured  so  that 
both  ends  of  the  runway  are  supplied  with  precision  approach  guidance 
(I.e.,  dual  azimuth  ant  mums,  DML/P,  and  an  elevation  station  at  each  end 
of  the  runway).  However,  there  i s  a  period  during  the  switching  of  the 
system  configuration  when  no  MLS  guidance  Is  available.  This  period  will 
he  no  greater  than  80  seconds. 

h.  Auxiliary  Lata.  MLS  cat  provide  (or  transmission  of  additional 
auxiliary  data.  This  feiture  may  !n<  ludo  meteorological  information,  run¬ 
way  stitns,  and  wind  velocities.  The  exact  content  of  the  additional  auxi¬ 
liary  data  has  not  been  standardized  at  this  time. 

c.  860  Degree  Azimuth.  Time  |  s  reserved  in  the  MLS  format  for  860 
degree  azimuth  eo'erage,  and  this  function  is  being  considered. 

d.  Limited-Scai  Aziritn  Coverage.  MLS  can  also  provide  non- 
symmetrical  azimutl  -overage.  Vi  example  of  this  feature  Is  10  degrees 
proportional  guidance  on  on-  si  L.  of  the  runway  and  40  degrees  on  the 
other.  This  feature  can  h-  e;-!  to  reduce  multipath  reflections  caused  by 
ohjei  Is  close  to  on-  side  ,-,f  the  runway  without  sacrificing  coverage  on  the 
other. 


COVERAGE  IS  OMNIDIRECTIONAL  IN  AZIMUTH 


20000'  minimum - 


IS  minimum 


CHAPTER  3  INSTALLATION  REQUIREMENTS 


1.  MLS  POWER  REOU I  REMENTS .  All  MLS  ground  equipment  is  designed  to  be 
powered  from  120/240  volts,  3  wire'  single  phase  60IIz  power  [5J.  This 
equipment  must  be  able  to  operate  continuously,  unattended,  at  elevations 
from  0-10,000  feet.  The  power  supply  shall  provide  sufficient  power  to 
operate  the  MLS  and  simultaneously  restore  batLery  supply  to  full  charge 
from  50  percent  discharge  within  36  hours. 

The  nominal  operating  voltage  is  120  VAC,  but  the  ground  equipment  shall  be 
designed  so  that  it  can  be  powered  from  102-133  VAC.  Equipment  requiring 
240  VAC  nominally  will  be  capable  of  operating  on  204-276  VAC.  The  ground 
equipment  will  tolerate  a  t3Hz  drift  from  "he  nominal  60Hz  line  frequency. 

The  MLS  ground  equipment  is  also  able  to  operate  from  rechargeable  bat¬ 
teries  for  at  least  two  hours  after  loss  of  primary  AC  power.  The  system 
is  designed  so  that  performance  will  not  be  degraded  in  any  way  while  it  is 
operating  from  the  battery  supply.  The  system  will  be  wired  so  that  loss 
of  AC  power  does  not  result  In  loss  of  MLS  ground  system  operation  during 
the  switch  to  the  battery  back-up  System  [5). 

The  batteries  are  to  be  protected  from  the  elements,  since  snow,  rain, 
etc.,  could  cause  them  to  faLl.  The  battery  container  will  permit  easy 
access  to  the  batteries  for  inspection  and  maintenance.  They  will  also  be 
vented  to  the  outside  of  any  enclosing  structure  [5].  Heaters  may  be  used 
inside  the  battery  container  to  assure  a  minimum  of  2  hours  of  normal 
equipment  operation  at  low  temperatures  upon  loss  of  primary  power. 

2 .  EQUIPMENT  AND  STRUCTURE  REQUIREMENTS.  Any  electronic  equipment  con¬ 
tained  in  the  enclosures  will  be  designed  to  operate  normally  when  exposed 
to  temperatures  of  -50  to  +50  degrees  Centigrade  and  humidities  of  5%  to 
90%  [ 5  J . 


All  outside  equipment,  electronic  or  mechanical,  will  continue  to  function 
within  tolerance  at  temperatures  of  -50  to  +50  degrees  Centigrade.  The 
ground  equipment  wi 1 L  continue  to  operate  within  monitor  tolerance  when 
exposed  to  wind  velocities  of  70  knots  in  any  direction  in  which  the  per¬ 
pendicular  component  of  the  wind  with  respect  to  the  runway  centerline  is 
not  greater  than  3r'  knots.  The  ground  equipment  will  resist  wind  veloci¬ 
ties  of  87  knots  in  any  direction  without  suffering  structural  or  func¬ 
tional  damage. 

All  outside  structures  will  he  capable  of  withstanding  hailstones  up  to  0.5 
inch  in  diameter  and  a  snow  loading  of  40  psf. 

3.  SITE  PREPARATION.  While  preparation  for  siting  an  MLS  is  underway, 
special  attention  shall  he  paid  to  the  location  of  trees,  buildings,  and 
any  large  objects  which  might  cause  multipath  (signal  reflections)  or  sha¬ 
dowing  (signal  blockage)  problems.  If  the  terrain  surrounding  the  MLS  sta¬ 
tions  is  not  level  enough  to  assure  adequate  signal  coverage  at  threshold, 
equipment  towers  may  be  necessary. 


It  lias  been  shown  that  Interference  from  poW'-r  lines,  fences,  and  approach 
light  systems  In  the  far-fietd  of  tin*  antennas  will  be  minima'  aL  the  MLS 
frequency  [7].  Unless  these  structures  .ire  unusually  large,  or  consist  of 
very  densely  spaced  conductors,  they  will  not  be  of  concern. 

Since  ILS  antennas  rely  on  the  formation  of  an  Linage  by  reflect  ion  of 
signals  from  the  ground,  a  smooth  ground  plane  Is  required  several  thousand 
feet  In  front  of  the  glide  slope  antenna  to  establish  an  acceptable  glide 
path;  tins  Is  not  the  case  with  MLS. 

4 .  INTERCONNECT  REQUIREMENTS . 

a.  Power.  When  site  engineering  commences,  provisions  are  to  he  made 
for  120/240  volt  single  phase  AC  power  to  be  supplied  to  all  MLS  ground 
equipment.  Power  for  approach  lighting  and  the  azimuth  station  are  to  be 
kept  independent  of  each  other.  Transformers  must  be  kept  out  of  the 
obstacle  free  zones. 

h.  Communications.  A  cominunicat ions  link  must  be  provided  between  all 
MLS  ground  equipment  serving  a  particular  runway  and  its  Remote  Control  and 
Status  Unit  (RCSU)  and  Remote  Status  Unit  (RSU).  Communications  are 
required  for  tiiree  purposes.  One  is  so  that  the  ground  equipment 
transmissions  can  be  synchronized.  The  second  is  to  provide  equipment  sta¬ 
tus  to  Air  Traffic  Control  (ATC)  personnel.  The  third  is  to  provide  data 
to  the  Remote  Maintenance  Monitor  System  (RMMS).  This  communications  link 
may  be  provided  through  any  of  three  media;  wire  lines,  fiber  optics 
cables,  or  UHK/VHK  radio  Link.  If  wire  Lines  already  exist  at  an  airport 
and  they  are  of  suitable  quality  for  the  MLS  data  transmissions  they  should 
be  utilized  where  practical.  Also,  the  existing  lines  should  have  a  pro¬ 
jected  useful  life  of  at  least  10  years.  If  It  is  determined  that  existing 
cable  Is  not  useable  then  new  fiber  optics  cable  should  be  installed.  The 
radio  link  should  be  used  only  as  a  last  resort  If  a  wire  or  fiber 
installation  would  be  too  costly  or  impractical. 

The  RCSU  consists  of  two  units.  One  is  the  control  and  display  panel  which 
generally  should  bo  Installed  in  the  local  ATC  facility  (control  tower)  if 
one  exists.  If  there  is  no  local.  ATC  facility  it  should  be  placed  In  a 
Location  where  there  are  coramun i cat  ions  with  the  nearest  ATC  facility.  The 
second  part  of  the  RCSU  is  an  electronics  unit  that  sends  the  information 
to  the  display  panel  and  also  Is  the  interface  point  for  the  RMMS. 

Generally  it  should  be  Installed  in  a  location  with  easy  access  by  main¬ 
tenance  personnel. 

Tiie  RSU  is  simply  a  status  panel  that  Is  a  slave  to  the  RCSU.  It  can  he 
located  at  any  other  location  where  the  status  of  the  MLS  is  of  interest. 

Up  to  two  RSU’s  may  be  Installed  with  each  RCSU. 

In  the  situation  where  MLS  equipment  is  installed  to  serve  both  ends  of  a 
runway,  a  single  RCSU  (electronics  and  display)  will  control  both  systems. 
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CHAPTliK  4  GENERAL  DISCUSSION  OF  CONSIDERATIONS  TtlAT  AFFECT  SITING 


1.  PREPARATION  OF  DATA.  Before  the  Installation  of  any  MLS  equ  i  pint- n  l  , 
data  are  to  he  obtained  Lo  permit  evaluation  of  L lit*  rnnway(s)  i  >  be  ser¬ 
viced  with  MLS,  as  well  as  the  surrounding  area.  These  data  shall  include, 
but  are  not  limited  to,  the  following  Items: 

-obstruction  clearance  charts.  Siting  considerations  may  dictate 
equipment  placement  near  obstruction  clearance  boundaries. 

-United  States  Geological  Survey  (USGS)  topographical  charts  of  the 
airport  area  and  fulL  service  coverage  area  for  the  MLS. 

-runways  to  be  serviced  with  MLS,  their  lengths  and  profiLes  (detailed 
enough  to  accurately  Identify  runway  humps). 

-description  of  existing  navaids. 

-airport  conduit  and  cable  information. 

-ground  traffic  patterns.  Ground  traffic  Is  not  permitted  within 
specified  bound, irtes  around  MLS  antennas. 

-run-up  and  jet  blast  areas. 

-cal. *gory  ol  aircraft  to  he  serviced. 

-MLS  rype  proposed  and  equipment  r.harac  ter  is  t  ics  pertinent  to  siting. 

-airport  property  lines. 

— U.S.  Instrument  Approach  Procedures  defining  existing  approach  pro¬ 
cedures  to  the  airport  and  identifying  obstacles  in  the  terminal 
a  rea . 

Further  information  shall  also  be  compiled  after  discussion  with  airport 
officials,  FAA  Aviation  Standards  National  Field  Office,  Air  Traffic 
Service,  Airport  Service,  and  Airway  Facilities  Regional  Divisions.  These 
consultations  will  provide  additional  insight  into  such  topics  as: 

-existing  and  future  traffic,  patterns.  An  MLS  sited  without  consider¬ 
ation  of  future  traffic  demands  may  not  provide  maximum  operational 
benefits  when  these  additional  demands  are  made. 

-noise  abatement  regions. 

-restricted  airspace. 

-any  required  alteration  to  proposed  approach  paths.  Proper  siting 
may  require  a  change  In  some  proposed  approach  paths. 

2.  AIR  TRAFFIC  PLANNING  INPUT.  To  take  advantage  of  the  expanded  capabi¬ 
lities  of  the  MLS ,  it  is  Important  that  siting  personnel  work  closely  with 


;*  i  r  ir.ifl  lr  planners.  A  well  deve 1  oped  nC  i  1  i  /..it  I  *>  ii  pi. iii  is  ft  ■*(  «■  i  r.-d  in 
take  lull  ad  v.inl  age  ol  MI.S  c a(i ah  I  I  it  I  es  wltllio  tlir  ATI’,  svsli-ni.  !’■  ■imiisi*  ol 
tills,  tin*  air  trallir  service  has  dove 1  oped  ,i  facility  mal/si-  guide  |.H] 
wlii  i  ll  rail  hr  used  In  .lid  I  ar  I  l  i  :  v  managers  in  assn  r  l  up,  that  ill  known  con- 
s  Ide  ra  L  i  ons  have  lirrn  manl  nnl  when  planning.  The  result  ol  i  lie  applica¬ 
tion  of  this  analysis  guide  Is  a  stall  study  which  details  the  intruded  use 
and  locations  ol  ‘11.  !>  equipment.  Kecommendat  Ions  nude  in  this  study  include 
f  if.  1 1  ity(  ies)  or  ruuway(s)  to  he  equipped,  what  types  of  approach  profiles 
are  desired,  deviations  require-;  from  the  standard  t40  degree  azimuth 
coverage,  and  how  the  azimuth  coverage  should  he  oriented.  ft  is  important 
that  this  information  b<-  included  as  input  to  the  siting  effort. 

1.  CRITICAL  ARKAS.  Critical  are  is  are  regions  around  the  MI.S  stations 
wherein  objects,  vehicles,  or  aircraft  nay  cause  serious  signal  degradation 
as  a  resul l  of  multipath  or  shadow iag.  Care  must  be  taken  that  roads  and 
taxiways  do  not  pass  through  these  critical  areas  unless  it  has  been  deter¬ 
mined  that  tin*  vehicular  trail fr  wi > 1  not  interfere  with  the  transmitted 
signal,  or  that  traffic  can  he  restricted  during  instrument  approach  opera- 
t  ions . 

Definitions  tor  li.d  •  riiic.il  areas  are  inrrently  being  developed;  prelimi¬ 
nary  •  ifimiles  will  be  given  in  Chapter  S . 

4.  Pki  H’ACAT  1_0N  K .  I- '  C  i’:; . 

a.  Mult  ioath.  A  v  ry  lin|)ort  int  goal  in  proper  MLS  siting  is  the  eli¬ 
mination  of  si,  n  il  iisLiirbi.ii.es  due  i  >  surrounding  objects.  Nearby 
aircraft,  buildings,  or  terrain  may  cause  reflection  (multipath)  of  the 
scanning  b  ■  i.a  signals  into  the  approach  path,  or  cause  diffraction  or 
conpleie  blocKuge  (shadowing)  of  the  Intended  direct  signal.  These  poten¬ 
tial  problems  will  he  different  at  each  MI.S  installation. 

In  ge  ier  il,  mult  ipath  phenomena  cm  he  classified  as  either  "in-heam"  or 
"out-of-beam.”  Si  gore  l 7  a  illustrates  the  plan  view  of  an  aircraft  on 
final  approach  and  a  building,  at  a  small  angle  with  respect  to  the  approach 
path.  This  difference  In  coding  angle  between  the  approach  path  and  the 
reflecting  object  is  called  the  se  pa  ra  t  i  on  angle  (  0g,\ )  •  Reflections  are 
considered  "in-beam"  when  tin*  separation  angle  is  less  than  about  1.7  beam- 
widths.  Multipath  problems  can  also  occur  il  the  airport  surface  is  tilted 
to  a  signiiieant  degree  and  '.he  separation  angle  is  less  than  1.7  beam- 
widths.  in-bean  multipath  can  cause  guidance  errors  and  should  be  elimi¬ 
nated.  Appropriate  in-beam  multipath  control  techniques  arc  discussed  in 
Chapter  6. 

Out-of-bean  multi  pal  I  is  i I  lust  rated  in  Figure  17b.  The  multipath  will  be 
received  at  i  di'  crt.nl:  lime  than  the  direct  signal  and  will  generally  not 
c ause  gu  iiliii''"  error. 

Figure  Id  gives  tie*  elevation  view  of  the  scenario  of  Figure  17.  it  is 
clear  Lli.it  in-tv. in  multipath  will  always  be  present  due  to  the  airport  sur¬ 
face.  Even  if  the  airport  surface  is  perfectly  horizontal  (thus  zero 
separation  angle) ,  the  In-beam  multipath  can  cause  amplitude  fluctuations 
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which  could  cause  problems  in  achieving  low  angle  coverage.  To  minimize 
this  nonscan  direction  multipath,  the  azimuth  antenna  pattern  is  designed 
to  have  a  very  sharp  cutoff  near  the  horizon. 

These  multipath  principles  also  apply  for  elevation  guidance.  Figure  1  ha 
illustrates  the  elevation  scanning  beam  In  the  presence  of  a  Mil  airport 
surface.  Rising  terrain  in  the  approach  region,  as  shown  In  figure  19b, 
can  reduce  the  separation  angle  to  less  than  1.7  beamwidlhs  (in-beam  multi¬ 
path)  and  cause  elevation  guidance  error. 

In-beam  elevation  multipath  can  also  occur  in  the  nonscan  direction  as 
shown  in  Figure  20.  This  phenomenon,  however,  does  not  cause  errors  of 
sufficient  magnitude  to  he  of  concern  in  typical  situations  [!]•  This  does 
not  mean,  however,  that  the  elevation  antenna  may  be  sited  close  to  the 
side  of  a  buiLdtng;  significant  signal  amplitude  fluctuations  can  occur  if 
the  antenna  is  too  near  the  building. 

h.  Shadowing.  Signal  shadowing  may  also  occur  due  to  hills,  towers, 
or  other  obstacles  in  the  guidance  volume.  If  the  shadowing  object  totally 
obscures  the  line-of-sight  between  the  airborne  receiver  antenna  and  ground 
antenna  (see  Figure  21),  only  the  diffracted  signal,  which  is  attenuated 
to  some  degree,  reaches  the  aircraft.  If  the  line-of-sight  is  not  blocked, 
diffracted  multipath  exists  which  can  be  treated  as  being  similar  to 
reflection  multipath.  The  potential  guidance  errors  due  to  shadowing  of 
the  direct  signal  depend  on  the  signal's  attenuation,  possible  multipath 
from  other  obstacles,  and  the  geometry  of  the  situation.  In  general, 
proper  siting  can  avoid  shadowing  phenomena  so  that  MLS  operation  is  not 
a  f  fected . 

5.  OUT  OF  COVKKAGF.  INDICATION  (PCI)  REQUIREMENT .  One  of  the  requirements 
of  the  MLS  system  design  is  to  minimize  the  presence  of  false  courses  in 
all  regions.  MLS  specifications  require  that  OCI  signals  must  he  provided 
in  all  regions  beyond  the  guidance  sector  (both  azimuth  and  elevation) 
where  false  courses  exist  which  can  be  acquired  and  tracked  by  an  aircraft. 
Part  of  the  siting  process  is  to  identify  objects  which  may  reflect  the 
scanning  beam  or  clearance  signals  and  cause  a  false  course.  Figure  22 
shows  a  typical  scenario  for  azimuth  where  OCI  might  be  required.  A  sce¬ 
nario  whereby  the  elevation  signal  can  get  reflected  into  a  region  above 
the  service  volume  is  highly  unlikely.  Therefore  it  is  expected  that  the 
use  of  OCI  for  a  site  induced  elevation  false  course  will  he  rare. 
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a)  no  in-beam  multipath 


b)  rising  terrain  causes  in-beam  multipath 


Figure  19.  Elevation  Multipath  in  the  Scan  Direction 
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AREA  OF  REFLECTION 
\  MULTIPATH  \ 


CHAPTER  5 


S  [ T  (  N<;  UNDER  IDEAL  CONDITIONS 


1.  OVERVIEW.  One  of.  the  many  advantages  of  MLS  is  its  inherent  res  L  stance 
to  multipath  problems.  This  has  been  verified  by  numerous  anal /t  i  •  •  1 1  stu¬ 
dies,  computer  simulations,  flight  testing,  and  practical  experience. 

Evans  et.al.,  in  a  study  of  eleven  major  U.S.  and  foreign  airports,  found 
that  over  V)'/-,  of  runway  ends  were  free  of  buildings  which  could  produce 
significant  aximut.lt  multipath  when  on  final  approach  and  88/,  were  free  of 
buildings  which  would  produce  s i gni f icant  elevation  multipath  |9|. 

This  chapter  describes  the  procedures  for  locating  Lite  azimuth  and  eleva¬ 
tion  antennas  for  the  simplest  stting  situation:  a  flat  airport  surface 
with  no  hills,  buildings,  or  other  obstacles  within  the  guidance  volume, 
and  no  ILS  or  approach  light  system  present.  Although  this  is  not  i  typi¬ 
cal  situation,  more  complex  siting  problems  generally  involve  a  relatively 
simple  correction  or  alteration  of  the  criteria  presented  in  this  chapter. 
In  Chapter  b,  these  more  compLex  situations  will  be  discussed  along  with  an 
introduction  to  applications  of  Hie  MLS  computer  model. 

2 .  A/.JMUTK  SITE. 

a.  Antenna  Location.  The  desired  location  for  the  azimuth  station  is 
on  the  extended  runway  centerline  between  1000  and  1500  feet  beyond  the 
stop  end  of  the  runway  (between  points  A  and  B  in  Figure  25).  The  distance 
from  tiie  stop  end  is  Influenced  by  the  standard  obstruction  criteria  and 
the  necessity  to  protect  the  antenna  from  jet  blast  and  oily  deposits  from 
the  exhaust.  The  azimuth  antenna  is  frangible,  and  could  be  located  inside 
tiie  safety  area  If  necessary  (see  section  d.  in  this  chapter  concerning 
obstacle  clearance).  However,  all  efforts  should  he  made  to  site  the 
antenna  at  a  distance  1000  feet  or  greater  from  stop  end,  employing  a  tower 
if  necessary. 

All  efforts  should  be  made  to  site  the  azimutii  antenna  on  the  extended  run¬ 
way  centerline.  It  lias  been  estimated  that,  at  most,  only  5%  of  potential 
MLS  sites  at  U.S.  airports  may  require  of f-center l ine  siting  [10]  (This  5% 
estimate*  did  not  consider  collocation  witli  ILS  or  approach  lights.).  If 
centerline  siting  cannot  he  accomplished  due  to  a  hump  in  the  runway  which 
shadows  the  threshold  area,  lack  of  space,  collocation  with  an  ILS  or 
approach  lights,  or  unsuitable  terrain  beyond  the  end  of  the  runway,  the 
azimuth  station  should  he  located  within  the  alternate  siting  area  shown  In 
Figure  25.  The  MI.S  azimuth  antenna  should  not  be  offset  sited  It  that  run¬ 
way  end  is  served  by  a  convent ional ly  sited  ILS  localizer.  FAA  Order 
82b0.50A  -  IFR  Approval  of  Microwave  Landing  System  (MLS)  describes  a  per¬ 
mitted  offset  approach  procedure  in  which  the  zero  degree  guidance  plane 
Intersects  the  runway  centerline  at  a  point  1100  to  1200  feet  toward  the 
runway  threshold  from  the  Decision  Height  point  on  tiie  minimum  glide  patli 
offset  course  angle  (alignment  with  runway  centerline)  not  exceed  three 
degrees.  Possible  locations  for  tiie  MLS  azimuth  station  providing  an  off¬ 
set  approach  need  to  conform  to  the  appropriate  obstacle  limitation  sur¬ 
faces,  either  the  final  approach  surface  or  the  transitional  surfaces.  The 
area  for  possible  sites  for  an  offset  approach  installation  should  he 
recorded  if  it  is  considered  to  provide  a  solution  to  a  difficult  siting 
prob l e n  [ l l ] . 


Azimuth  siting  In  tin*  prcsi'iii'i'  of  ;m  II, S  localizer  or  approach  light  syslem 
is  discussed  in  Chapter  (> . 

I).  Critical  Aron.  Ann  1  y  I  i  on  I  mul  experimental  idlorts  .11  (>.  mn-iil  I  / 
ho  i  ng  ('i)ii(iiii'  tori  to  <loflno  the  .1/.  I  moth  unc!  rioval  inn  nil  io.il  .iron  ..  Thi 
azimuth  system  rritio.nl  .iron  depleted  in  Figure  24  was  develop-. i  |>v  simu¬ 
lating  worst  (.use  conditions  on  tlio  MI,S  computer  model  |I2).  Clio  antenna 
w  is  nssumod  to  he  ground  mounted,  mul  (lie  alreralt  sontloror  w.is  .1  i I/A/ 
oriented  In  such  a  way  to  give  maximum  signal  disturbance.  l;or  ouch  posi¬ 
tion  of  the  simulated  aircraft,  a  centerline,  1°  approach  was  modeled  and 
tiie  maximum  value  of  control  motion  noise  (CMN)  was  recorded  (regardless  of 
the  duration  of  the  error).  The  critical  area  defined  in  Figure  24  is  a 
region  where  the  scatterer  produced  a  peak  CMN  value  equal  to  or  greater 
than  60%  of  the  error  budget.  Other,  less  conservative,  crit.  *r  La  are  being 
examined  to  determine  their  effect  on  the  size  of  this  critical  area. 

These  new  criteria,  based  on  the  principle  of  allowing  the  path  following 
error  (PF£)  and  CMN  to  be  out  of  tolerance  no  more  than  6%  of  .1  specified 
length  of  time,  wiLl  Likely  result  in  a  smaller  critical  area.  The  length 
of  the  critical  area  in  the  direction  of  runway  threshold  is  undefined  at 
1 h is  t i me . 

The  azimuth  critical  area  del  hied  by  the  tenth  meeting  of  the  All  Weather 
Operition  Pam*  l  (AWOP)  is  also  shown  In  Figure  2  r> . 

Care  must  be  taken  to  protect  the  area  between  the  azimuth  antenna  and  its 
f  i-'ld  mon  i  tor. 

c.  DMK/P.  The  preferred  location  for  tiie  DMK/P  is  at  the  azimuth 
site.  However,  this  may  cause  the  DMF./P  to  violate  obstacle  clearance  sur¬ 
faces  (Part  77)  if  the  azimuth  Is  site  about  1400  feet  or  less  from  the 
stop  end  of  the  runway.  The  distance  from  L lie  stop  end  is  found  by  deter¬ 
mining  the  necessary  antenna  height  to  insure  adequate  signal  at  ground 
level  from  Figure  26  [11  j,  anil  checking  to  see  if  the  r)0 : 1  surface  is 
violated  for  that  particular  antenna  site.  if  so,  the  antenna  may  be  moved 
further  back  (and  its  height  readjusted)  until  it  does  not  penetrate  the 
60:1  surface.  The  DMF./P  antenna  may  be  also  laterally  offset  in  order  to 
avoid  penetration  of  surfaces. 

d.  Obstacle  Clearance.  Proper  Ml.S  siting  is  influenced  by  the 
necessity  to  meet  obstacle  clearance  requirements.  In  add i t  ion  to  those 
requirements  in  the  ground  plane  containing  the  runway,  there  ire  imaginary 
surfaces  that  rise  at  differing  slopes  from  different  points  on  the 
airdrome  that  nay  not  be  penetrated.  For  the  case  of  azimuth  siting,,  the 
relevant  surface  Is  the  60:1  approach  surface.  Its  inner  edge  is  1000  feet 
wide  and  lies  perpendicular  to  runway  centerline  200  feet  off  the  end  of 
the  runway.  It  then  extends  for  .1  horizontal  distance  of  10000  feet  at  a 
slope  of  60:1  and  expands  uniformly  to  a  width  of  16000  feet  (sec  Figure 
27)  [1  J|. 

For  an  azimuth  site*  1000  feet  oft  the  runway  end,  this  gives  aa  allowable 
antenna  height  of  16  feet.  Unless  the  antenna  I  mounted  on  a  lower 
greater  than  6  feet  tall,  the  60:L  surface  will  not  be  violated.  However, 
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a  collocated  UMK/F  antenna  having  an  overall  height  of  about  22  f  •  ■  <  ■  t 
>  (Including  lightning  roil)  requires  an  azimuth  site  seih.uk  of  ii  least  1100 

|  feet.  Hence,  it  may  be  desirable  to  site  the  DML/P  sejiariie  from  the  az  i  - 

■  muth  antenna  to  optimize  azimuth  siting.  Wiien  s  I  I  lug  separ  it  <■  I  y ,  it  nay  he 

J  possible  to  lower  the  DME/P  antenna  to  clear  I  he  approach  sun  ice. 

i 

In  general,  obstruction  standards  specified  in  PAR  Part  77,  Subpart  C  shall 
be  used  to  determine  required  obstruction  clearance  surfaces.  If  it  is 
j  feasible  to  Install  an  MLS  azimuth  antenna  without  penetrating  an  FAR  Fart 

;  77  surface,  do  so.  However,  If  the  only  feasible  siting  Involves 

1  penetrating  an  FAR  Part  77  surface,  that  siting  does  not  require  a  waiver 

but  does  require  airspace  review  and  approval.  In  any  case,  siting  an  MLS 
component  must  not  violate  required  obstruction  clearance  as  specified  in 
the  latest  edition  of  Handbook  8260.3,  United  States  Standards  for  Terminal 
Instrument  Procedures  (TF.RPS). 

3.  ELEVATION  SITE. 


a.  Antenna  Location.  The  elevation  antenna  is  nominally  located  253 
feet  from  runway  centerline,  on  either  side  of  the  runway.  To  choose  the 
proper  side  of  the  runway  to  site  the  antenna,  the  siting  engineer  must 
consider  the  space  available,  the  presence  of  active  laxiways,  and  poten¬ 
tial  signal  multipath  and  shadowing  problems.  The  antenna  phase  center 
should  he  higher  than  the  elevation  of  the  runway,  and  the  bottom  of  the 
antenna  aperture  should  be  higher  than  three  feet  above  ground  level  to 
provide  snow  clearance. 

The  MLS  approach  reference  datum  Is  a  point  at  a  specified  height  located 
vertically  above  the  Intersection  of  the  runway  centerline  and  the 
threshold.  The  minimum  glide  path  angle  and  the  height  of  the  approach 
reference  datum  will  be  determined  by  FAA  Regional  Flight  Standards 
Personnel  prior  to  siting  the  ground  equipment.  FAA  Order  8260.34 
(Glideslope  Threshold  Crossing  Height  Requirements)  governs  the  selection 
of  the  height  of  the  approach  reference  datum.  Factors  that  will  be  con¬ 
sidered  in  determining  these  two  siting  variables  are:  type  of  operations 
(analogous  to  ILS  Category  I,  LL,  or  III),  categories  of  aircraft  utilizing 
the  runway  and  their  desired  wheel  crossing  height,  and  length  of  runway. 

The  MLS  elevation  antenna  provides  conical  coordinates  and,  thus,  MLS  glide 
paths  are  hyperbolas  rather  than  straight  lines.  The  elevation  antenna 
should  he  sited  so  that  the  asymptote  of  the  minimum  glide  path  crosses  the 
threshold  at  the  MLS  approach  reference  datum.  There  Is  a  difference  in 
height  between  the  planar  glide  path  (asymptote  to  minimum  glide  path)  and 
hyperbolic  glide  paths  at  threshold;  operationally  it  is  desirable  to  mini¬ 
mize  this  difference.  Figure  28  plots  the  hyperbolic,  glide  paths  for  an 
elevation  antenna  sited  to  provide  a  3°  planar  glide  path  for  various 
antenna  offsets.  Thus,  minimizing  this  difference  Is  accomplished  by 
siting  the  antenna  as  close  to  the  runway  centerline  as  possible.  The 
relatively  short  height  of  the  MLS  elevation  antenna  will  allow  siting  the 
antenna  253  feet  from  runway  centerline  ('offset'  equals  255  feet). 

Once  the  minimum  glide  path  angle  and  the  height  of  the  approach  reference 
datum  are  established,  the  location  of  the  antenna  may  be  determined  In  the 
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following  manner.  As  shown  In  Figure  29,  the  setback  distance  (SB)  is 
calculated  using  the  approach  reference  datum  height  (H),  the  antenna  phase 
center  height  (PCH),  and  the  tangent  of  the  minimum  glide  pat  h  angle  (,'j). 
The  next  computation  determines  the  hyperbolic  glide  path  height  it  the 
threshold  (HYBH)  .  This  should  then  be  compared  wi  Hi  the  height  of  the 
asymptote  of  the  minimum  glide  path  (H).  This  difference  (III) IF)  should  be 
kept  to  a  minimum  as  previously  stated.  If  this  difference  exceeds  10  feet 
it  could  present  an  operational  problem,  and  alternative  siting,  should  be 
explored.  Figure  30  gives  the  location  of  the  siting  area  which  achieves  a 
planar  glide  path  crossing  height  (asymptote  to  hyperbolic  glide  path)  of 
at  least  50  feet  while  keeping  the  hyperbolic  path  crossing  height  no 
greater  than  60  feet  (a  phase  center  height  of  7  feet  and  a  3°  glide  path 
was  assumed). 

If  tlie  elevation  antenna  is  to  be  collocated  with  an  existing  ILS  glide 
slope  antenna,  the  governing  rules  are  given  in  Chapter  6. 

b.  Critical  Area.  All  comments  concerning  criteria  for  determining 
the  azimuth  system  critical  area,  Including  the  discussion  concerning  on¬ 
going  work,  also  apply  for  the  elevation  system.  Figures  31  and  32  define 
the  critical  area  for  the  l  degree  elevation  antenna,  and  Figures  33  and  34 
apply  for  the  1.5  degree  system.  The  AWOP  critical  area  estimate  is  also 
given  in  Figure  35. 

c.  Obstacle  Clearance.  Figure  36  depicts  the  transitional  surfaces 
pertinent  to  elevation  antenna  siting  [13].  No  part  of  the  elevation 
antenna  may  be  closer  than  250  feet  to  runway  centerline  so  as  not  to 
violate  the  runway  safety  area.  This  optimum  offset  of  250  feet  clearly 
violates  the  primary  surface  and  the  7:1  transitional  surface;  however, 
there  exists  an  exception  which  allows  navigational  aids  to  be  sited  in 
violation  of  Part  77  surfaces  if  the  location  is  justified  by  the  fact  that 
the  aid  will  not  operate  effectively  elsewhere.  The  heights  of  the  1°, 
1.5°,  and  2°  elevation  antennas  are  such  that  neither  violates  the  3:1  or 
inner  transitional  surface  with  an  offset  of  255  feet.  Some  elevation 
antenna  designs  are  not  frangible. 
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(OS)2  +  (SB)2  =  (101 1.3)z 


Figure  30.  Elevation  Siting  Area  Which  Yields  a  Planar  Glide 
Path  of  at  Least  50  Feet  While  Keeping  the  Hyperbol 
Path  Crossing  Height  Less  Than  60  Feet 


Elevation  Site  Critical  Area  for  a  1°  Beamwidth  Antenna  (Plan  View 
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CHAPTER  6  SPECIFIC  SITING  CONCERNS 


1.  OVERVIEW.  This  chapter  discusses  methods  of  analysis  and  techniques  to 
deal  with  multipath  and  shadowing  problems,  as  well  as  criteria  for  collo¬ 
cation  with  ILS  and  approach  light  lanes.  Where  situations  tluo  are  beyond 
the  scope  of  this  discussion  are  encountered,  it  is  recommended  that  the 
MLS  Program  Office,  APM-410,  be  consulted. 

2.  AZIMUTH  STATION. 


a.  Multipath.  Any  objects  in  line-of-sight  of  the  azimuth  antenna  and 
within  the  guidance  region  are  potential  multipath  sources.  Since  the 
wavelength  at  the  MLS  frequency  is  about  2  inches,  almost  any  concrete  or 
metal  surface  will  reflect,  diffract,  or  shadow  the  MLS  scanning  beam. 
Smaller  reflecting  objects  can  cause  narrow  bursts  of  multipath  as  the 
receiver  moves  through  the  approach  zone,  but  since  the  receiver  is 
designed  with  acquisition  and  validation  circuits  to  acquire  the  strongest 
and  most  persistent  signal,  the  MLS  will  resist  these  bursts  of  short  dura- 
t  ion  [ i ] . 

The  real  multipath  threat  is  from  large  buildings  (such  as  hangars,  control 
towers,  etc.)  and  hillsides.  These  large  obstacles  can  reflect  the 
scanning  beam  over  a  wide  volume.  However,  the  potential  for  guidance 
error  exists  only  when  the  approach  path  passes  through  the  multipath- 
affected  region  of  space  and  the  "separation  angle”  between  the  approach 
path  and  the  reflecting  surface  is  1.7  beamwidths  or  less.  This 
"separation  angle"  is  the  coding  angle  between  the  direct  approach  path  and 
the  obstacle  as  viewed  in  the  plane  perpendicular  to  the  plane  of  the 
scanning  beam.  When  this  criterion  is  satisfied,  the  magnitude  of  guidance 
error  is  still  a  function  of  several  factors,  including  the  reflecting  pro¬ 
perties  of  the  offending  surface. 

The  bounds  of  the  multipath-affected  region  of  space  may  be  determined  by 
ray  tracing.  Figure  37  shows  the  plan  view  of  a  building  which  is  acting 
as  a  reflector  for  the  azimuth  scanning  beam.  A  "ray"  is  drawn  from  the 
azimuth  antenna  phase  center  to  the  extremities  of  the  object;  in  this 
case,  the  corners  of  the  building.  The  rays  form  an  angle  (0^)  with 
respect  to  a  perpendicular  to  the  surface  at  that  point.  Then  the 
reflected  ray  is  drawn  such  that  the  angle  between  the  reflected  ray  and 
the  perpendicular  (0r)  is  equal  to  0^.  This  yields  the  region  of  space  in 
the  plane  parallel  to  the  airport  surface  that  contains  the  multipath 
disturbance.  The  vertical  bounds  of  this  region  may  be  found  by  repeating 
this  process  for  the  elevation  view  (Figure  38). 

Hence,  for  a  given  approach  path,  multipath-induced  guidance  error  is 
possible  if  the  path  traverses  this  region  and,  at  the  same  time,  the 
separation  angle  is  1.7  beamwidths  or  less.  It  should  be  noted  that  a 
diffracted  signal  will  exist  on  either  side  of  the  bounds  of  this  region. 

To  give  the  siting  engineer  a  quantitative  feel  for  the  type  of  situation 
that  warrants  concern  about  multipath,  computations  were  performed  using 
the  MLS  computer  model.  A  perfectly  reflecting  building  face  of  dimensions 
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500'  by  60'  was  placed  a  I  ongs  Lde  the  runway  and  the  control  mol.  Ion  noise 
(CMN)  was  calculated  as  a  function  of  aircraft  position  for  a  3°  centerline 
approach  (A  beamwldth  of  3°  was  chosen  to  better  illustrate  the  concepts.). 
For  a  given  building  location,  the  largest  CMN  value  was  recorded;  this 
procedure  was  followed  many  times  as  the  building  was  moved  about  various 
points  on  a  grid,  using  the  model.  The  result  is  the  contour  map  in  Figure 
39  which  represents  the  peak.  CMN  value  Induced  by  the  300'  x  60'  building 
face  centered  at  that  location  alongside  the  runway  (The  path  following 
errors  were  too  small  to  yield  a  meaningful  contour  map.).  Note  that  the 
induced  errors  are  small  when  the  building  lies  out-of-beam,  but  they 
increase  as  the  building  is  placed  closer  to  the  runway  and  the  multipath  Is 
In-beam,  as  evidenced  by  the  steep  contours  at  locations  near  2500  feet 
from  the  stop  end. 

For  comparison  purposes,  the  same  procedure  is  repeated  in  Figure  40  using 
a  1000'  x  100'  building.  The  larger  reflecting  surface  obviously  Induces 
larger  CMN  errors,  some  of  which  are  quite  significant. 

Thus,  if  a  large  reflecting  obstacle  lies  within  line-of-sight  of  the  azi¬ 
muth  antenna  Inside  the  guidance  volume,  take  the  following  steps: 

-trace  rays  to  determine  the  bounds  of  the  multipath  affected  region. 
Given  this  and  the  approach  path  geometry,  determine  whether  the 
multipath  is  in-beam  (separation  angle  1.7  beamwidths  or  less). 

-if  in-beam,  and  from  a  large  structure,  it  may  be  advisable  to  use 
the  MLS  computer  model  to  estimate  the  magnitude  of  the  disturbance 
to  help  determine  If  a  more  narrow  beamwidth  should  be  used.  The 
model  Indicates  that  buildings  100  feet  wide  can  cause  significant 
error  (.04°  CMN  and  .02°  PFE)  if  the  multipath  is  in-beam. 

b.  Shadowing .  The  performance  of  MLS  in  a  region  which  is  shadowed 
depends  upon  many  factors  including  the  geometry  of  the  situation  and  the 
time  clasped  during  the  absence  of  the  signal. 

In  the  case  where  the  signal  Is  completely  blocked,  the  receiver  should 
coast  through  the  Interruption  for  time  periods  up  to  l  second. 

However,  usually  there  is  not  a  complete  absence  of  a  signal,  but  there 
exists  an  attenuated  diffracted  signal.  Sufficient  signal-to-noise  ratio 
margins  have  been  designed  into  the  system  so  that  MLS  receivers  are 
usually  sensitive  enough  to  acquire  this  diffracted  signal.  In  the  case  of 
azimuth  shadowing,  if  the  discontinuity  (or  diffracting  edge)  of  the  sha¬ 
dowing  object  runs  horizontally  (the  top  of  a  building,  for  example),  the 
separation  angle  is  zero  and  there  will  be  no  guidance  error  as  long  as  the 
diffracted  signal  is  strong  enough  to  be  acquired.  If  the  diffracting  edge 
is  vertical,  the  error  can  be  large. 

If  there  exists  a  multipath  signal  reflected  from  another  obstacle  within 
the  shadowed  region,  the  guidance  error  depends  upon  the  acquisition 
history.  If  the  receiver  has  been  tracking  the  signal  for  more  than  20 
seconds  before  attenuation,  the  multipath  will  have  no  effect  for  at  least 
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10-20  seconds  ( l ] •  If  there  Is  no  track  history,  the  receiver  may  lock  on 
to  the  multipath  signal  and  cause  large  errors.  This  has  been  demonstrated 
in  a  situation  where  the  direct  signal  was  shadowed  by  a  grove  of  trees  and 
the  receiver  acquired  the  multipath  signal  reflected  from  a  building.  Scan 
limiting  may  remedy  this  situation,  or  the  approach  paths  can  he 
established  above  the  shadowed  region. 

In  addition  to  buildings  and  terrain,  humped  runways  tnay  cause  shadowing, 
particularly  near  the  critical  threshold  region.  As  shown  in  Figure  41, 
the  hump  blocks  the  line-of-sight  between  the  azimuth  phase  center  and  the 
point  eight  feet  above  threshold.  The  signal  below  line-of-sight  is  the 
signal  diffracted  over  the  hump.  Although  the  separation  angle  is  zero, 
the  magnitude  of  the  signal  may  be  reduced  significantly.  The  question  of 
whether  there  is  still  sufficient  signal  level  for  proper  receiver  opera¬ 
tion  is  dependent  on  hump  geometry.  The  MLS  computer  model  may  be  helpful 
in  deciding  whether  a  runway  hump  mandates  raising  the  azimuth  antenna. 

Hence,  is  it  important  to  identify  regions  of  space  in  which  the  direct 
signal  is  shadowed.  This  is  most  effectively  done  using  a  phototheodolite 
placed  at  the  azimuth  site  under  consideration.  A  skyline  survey  should  be 
taken  through  360  degrees  to  record  site  details  including  angle  and 
distance  of  skyline  and  to  identify  areas  in  which  azimuth  coverage  may  be 
shadowed.  It  also  allows  determination  of  the  size  and  location  of  all 
large  buildings  or  terrain  features  which  could  be  possible  causes  of  azi¬ 
muth  multipath  and/or  shadowing  [11]. 

c.  Collocation  with  ILS  Localizer.  Several  studies,  both  experimental 
and  theoretical,  have  been  conducted  to  assess  adverse  effects  of  the  MLS 
azimuth  antenna  on  the  performance  of  the  ILS  localizer,  and  also  effects 
of  the  presence  of  the  localizer  on  the  MLS  azimuth  signal.  The  following 
are  preliminary  recommendations. 

The  characteristics  of  localizer  arrays  and  knowledge  gained  from  previous 
experience  indicate  that  placement  of  the  MLS  azimuth  station  on  localizer 
course  centerline  should  produce  the  least  effect  on  the  course.  The 
region  Investigated  was  from  localizer  course  centerline  to  an  maximum 
offset  of  500  feet.  For  an  offset  of  20  feet,  appreciable  effects  on  the 
localizer  course  were  noted;  as  the  offset  was  farther  Increased,  the 
effects  on  the  localizer  course  were  reduced  but  still  considerable.  Table 
3  summarizes  the  data  collected  for  the  three  types  of  localizers  Investi¬ 
gated.  This  table  is  composed  of  two  headings.  The  data  under  the  cen¬ 
terline  heading  show  the  effects  on  the  localizer  course  for  the  MLS 
azimuth  station  mock-up  on  course  centerline  for  placements  of  50  and  100 
feet  ahead  of  the  localizer  array.  The  offset  heading  contains  the  data 
that  produced  the  maximum  effect  on  the  localizer  course  for  distances 
ahead  of  the  localizer  array  50  and  100  feet.  The  numbers  in  parentheses 
are  the  offsets  from  the  localizer  course  centerline  where  the  MLS  mock-up 
produced  the  effect. 

The  flight  measurement  data  confirm  that  siting  the  MLS  azimuth  station  on 
localizer  course  centerline  is  the  only  feasible  placement  when  the  azimuth 
station  is  sited  ahead  of  the  localizer.  The  data  indicate  that  for 
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Table  3.  Summary  of  Localizer  Flight  Measurements. 


SYSTEM 

CENTERLINE 

OFFSET 

@50’ 

@100' 

@50' 

@100' 

CRN  -  27 

i0  |iA 

1 

34  jxA  (20’) 

19  (lA  (30') 

V  -  RING  (8) 

9  *iA 

5  [lA 

57  j.tA  (20’) 

17  )IA  (20') 

LPD  (14)* 

1  HA 

1  nA 

22  (lA  (2F) 

I 


I 
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localizer  arrays  similar  to  the  GRN-27  or  a  la-elemeut  wide  nperlure  log 
periodic  dipole,  siting  the  MLS  azimuth  station  100  feet  ahead  of  tin* 
localizer  has  negligible  effect  on  the  localizer  course.  Kor  the  H-element 
V-ring  some  effects  were  noticed  at  100  foot.  i'liei  e  I  ore ,  when  possible  the 
MLS  azimuth  station  shold  he  sited  .it  distances  greater  ilian  100  feel  for 
these  types  of  localizers. 

If  the  localizer  Is  close  to  the  stop  end  and  mounting  the  azimuth  antenna 
in  front  of  It  would  violate  ohstacle  clearance  requirements,  or  if 
problems  with  approach  light  systems  require  the  azimuth  antenna  to  be 
tower  mounted,  the  azimuth  antenna  may  then  be  behind  the  localizer.  In 
this  case,  the  azimuth  antenna  phase  center  should  be  at  least  3  feet 
higher  than  the  localizer  elements  and  mounted  in  the  horizontal  direction 
no  closer  than  10  feet.  As  shown  in  Figure  42  [14],  as  the  azimuth  antenna 
is  moved  further  back  than  10  feet,  the  phase  center  should  be  raised  to 
insure  that  the  localizer  is  In  the  sidelobe  region  of  the  azimuth  antenna 
ver t  leal-plane  radiation  pattern. 

If  the  localizer  has  a  backcourse,  symmetrical  siting  of  the  azimuth 
antenna  is  important  to  minimize  disturbance  to  the  backcourse  signal. 

d.  Coexistence  with  Approach  Light  System  and  Other  Objects  in  the 
Near-Field  of  the  Azimuth  Antenna.  Small  shadowing  objects  such  as  poles, 
chain  link  fences,  and  power  lines  in  the  far-field  of  the  MLS  antennas 
have  negligible  effect  on  performance  f 7 ] .  Such  objects  may  introduce 
error,  however,  If  they  are  within  the  near-fleld.  The  distance  from  the 
antenna  which  defines  the  far-field/near-fleld  boundary  is  given  by 


Distance  from  antenna  = 


where  D  is  the  longest  dimension  of  the  antenna  (the  diagonal  For  a  rec¬ 
tangular  aperture,  or  the  length  for  a  line  array)  and  \  is  the  wavelength. 
For  example,  the  far-field  boundary  is  about  421  feet  for  the  2°  azimuth 
antenna,  and  872  feet  for  the  1°  azimuth  antenna. 

Experiments  have  shown  that  metallic  cylinders  as  thin  as  4  inches  placed 
I  200  feet  away  on  boreslght  from  the  azimuth  antenna  can  cause  significant 

error  [9].  All  efforts  should  be  made  to  remove  objects  from  the  near¬ 
field,  and  minimize  the  width  of  any  that  must  remain. 

If  an  MLS  Is  to  be  sited  on  the  same  end  of  a  runway  with  an  approach 
lighting  system  (ALS),  a  potential  conflict  exists.  The  azimuth  antenna 
must  clear  light  structures  In  front  of  it  to  insure  signal  integrity  while 
not  blocking  any  lights  and  therefore  reducing  the  effectiveness  of  the 
ALS. 


The  approach  light  plane  Is  an  area  containing  the  lights  In  a  single  hori¬ 
zontal  plane  at  the  elevation  of  the  runway  threshold  centerline  and  is  400 
feet  wide  centered  on  the  extended  runway  centerline.  it  may  be  horizon- 


tal,  but  a  slope  gradient  not  to  exceed  two  percent  is  allowed,  starting  no 
closer  than  200  feet  from  landing  threshold.  The  MLS  will  usually  violate 
the  approach  light  plane;  a  waiver  must  be  obtained  if  it  does. 


There  Is  also  a  clear  l ine-of-s ight  (LOS)  requi r.*mcni  to  all  lights  of  the 
system  from  any  point  on  the  surface,  one-hall  degree  below  tin*  1LS  glide 
path  and  extending  250  feet  each  side  of  the  eenLer l  Ine ,  up  to  1600  feet  In 
advance  of  the  outermost  light  in  the  system. 

Calculations  based  on  this  criterion  show  that  for  the  ALSF  system,  the  71/2 
foot  tall  azimuth  antenna  can  be  sited  no  closer  to  stop  end  than  the  1900 
foot  station  to  meet  this  LOS  criterion  [13].  However,  any  site  meets  the 
LOS  criterion  with  the  MALS  system.  (This  assumes  the  antenna  is  mounted 
on  a  tower  of  height  equal  to  that  of  the  light  station  directly  ahead  of 
it.)  The  DME/P  antenna  will  violate  the  LOS  requirements  if  sited  behind 
and  above  the  azimuth  antenna;  it  may  have  to  be  offset  and  lowered. 

3 .  ELEVATION  STATION. 

a.  Multipath.  The  concepts  presented  in  Section  2a.  for  azimuth 
multipath  also  hold  for  elevation  multipath.  Rising  and/or  discontinuous 
terrain  in  the  approach  region  constitutes  the  largest  threat.  Since  a 
shift  in  the  elevation  antenna  location  will  not  usually  help  in  this 
situation,  the  use  of  a  more  narrow  beamwidth  is  the  more  likely  solution. 
Figure  43  gives  the  formula  for  calculating  the  separation  angle  for  a 
reflection  from  terrain  rising  at  an  angle  6siop(i  given  the  glide  path 
angle  (0gg)  arid  the  elevation  antenna  phase  center  height  H  [l].  If  the 
elevation  antenna  beamwidth  is  less  than  or  equal  to  this  separation  angle 
divided  by  1.7,  the  multipath  will  be  out-of-beara .  Since  there  is  always  a 
strong  reflection  from  the  flat  airport  surface,  the  elevation  antenna 
sidelobes  are  suppressed  to  a  great  degree. 

b.  Shadowing .  The  comments  made  in  Section  2b.  for  azimuth  signal 
shadowing  also  apply  for  elevation  signal  shadowing.  However,  for  the  ele¬ 
vation  case,  objects  whose  discontinuities  are  vertical  will  not  cause 
guidance  error  if  the  diffracted  signal  is  acquired,  but  horizontal  discon¬ 
tinuities  may.  But,  in  general,  all  efforts  should  be  made  to  site  the 
antenna  so  that  shadows  are  not  Introduced  into  important  volumes  of 
airspace,  or  avoid  approach  paths  which  pass  through  shadowed  areas. 

As  was  the  case  at  the  azimuth  site,  phototheodolite  survey  measurements 
are  made  from  the  tentative  elevation  sites  to  make  terrain  profile 
measurements  and  identify  areas  In  which  elevation  coverage  may  be 
restricted . 

c.  Col locat  ion  with  ILS  Glide  Slope.  When  collocated,  the  elevation 
antenna  shall  be  sited  such  that  the  MLS  reference  datum  and  the  ILS 
reference  datum  are  coincident  within  a  tolerance  of  3  feet.  (This  assumes 
that  the  ILS  glide  slope  is  sited  such  that  the  height  of  the  reference 
datum  meets  the  requirements  of  FAA  Order  8260.34.)  This  will  place  the 
elevation  antenna  about  180  feet  closer  to  threshold  than  the  glide  slope 
antenna. 


However,  the  offset  distance  from  runway  centerline  is  an  Important  Factor 
In  assuring  satisfactory  glide  slope  performance  In  the  presence  of  the 
elevation  antenna. 

Considering  ground  plane  effects,  t.e.  Fresnel  zone,  and  knowledge  gained 
from  previous  glide  slope  investigations  indicate  that  the  eflects  on  the 
glide  slope  course  caused  by  MLS  elevation  equipment  can  he  minimized  by 
avoiding  siting  that  penetrates  the  Fresnel  zone.  The  Fresnel  'one 
migrates  on  the  line  between  the  receiver  and  the  glide  slope,  changing  in 
size  as  it  migrates.  To  minimize  the  effects  on  the  entire  glide  path  the 
MLS  elevation  station  should  be  sited  so  that  it  lies  outside  the  region 
through  which  the  Fresnel  zone  migrates.  This  Indicates  that  siting  the 
MLS  elevation  station  on  the  run  side  of  the  diagonal  between  threshold  and 
the  glide  slope  should  produce  little  effect  on  the  course. 

Table  4  contains  the  flight  measurement  results  for  the  sideband  reference 
glide  slope.  The  data  collected  for  this  system  show  it  to  be  the  most 
sensitive  to  the  MLS  elevation  equipment.  Figure  44  shows  the  location  of 
each  position  relative  to  the  glide  slope.  The  diagonal  between  threshold 
and  the  glide  slope  Intersects  the  1  and  1  1/2  degree  MLS  elevation  rows  at 
offsets  of  332  and  348  feet,  respectively.  The  flight  data  show  that  for 
offsets  greater  than  350  feet,  the  effect  on  the  glide  slope  structure  is 
severe.  Offsets  of  less  than  350  feet  produced  a  lesser  effect,  exhibiting 
a  minimum  as  the  offset  approaches  the  minimal  255-foot  offset.  In  the 
event  that  the  glide  slope  Is  offset  250-350  feet.  It  may  be  possible  to 
site  the  MLS  elevation  station  at  an  offset  50  to  100  feet  greater  than 
that  of  the  glide  slope.  However,  at  this  time  there  are  no  data  con¬ 
firming  that  thLs  type  of  siting  will  produce  satisfactory  results. 

4.  DISCUSSION  OF  COMPUTER  MODELING  TO  AID  IN  SITING.  A  computer  model  of 
the  MLS  was  developed  for  the  FAA  by  the  Lincoln  Laboratory  of  M.I.T.  to 
assess  the  effects  of  reflections  and  shadowing  on  system  performance.  The 
model  is  currently  operational  at  the  FAA  Technical  Center,  and  at  the 
Avionics  Engineering  Center  at  Ohio  University. 

The  MLS  model  consists  of  two  smaller  models:  the  propagation  model  and 
the  system  model.  The  propagation  model  calculates  the  reflected  and/or 
shadowed  signal  at  all  points  along  a  given  flight  path.  The  system  model 
then  predicts  and  plots  the  raw  error,  path  following  error,  and  control 
motion  noLse  as  a  function  of  distance  along  the  flight  path.  All  user 
defined  parameters  are  read  into  the  model  via  a  FORTRAN  BLOCK  DATA 
subroutine.  Graphical  displays  of  airport  layout  (including  placement  of 
user-defined  objects),  and  flight  profile  are  included. 

If  the  sLttng  engineer  deems  It  necessary  to  modeL  an  airport  scenario,  a 
list  of  the  following  information  is  needed  as  input  to  the  model: 

-the  x,  y,  and  z  coordinates  of  the  azimuth,  elevation,  and  DME 
antennas.  The  origin  is  defined  to  be  the  intersection  of 
the  centerline  and  the  stop  end  of  the  runway.  The  x-y  plane 
lies  on  the  airport  surface,  with  the  positive  x-axis  lying  on  the 
centerline.  The  positive  z-axis  measures  altitude  and  passes 
through  the  stop  end  of  the  runway. 
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Figure  44.  MLS  Elevation  Mock-up  Positions. 


-up  Lo  ten  rectangular  and  ten  triangular  plates  representing 
specular  ground  reflection  may  he  specified.  Their  coordinates, 

RMS  surface  roughness  height,  and  complex  dielectric  constant 
a  re  requ  I  red  . 

-a  total  of  ten  pLates  representing  scattering  and  shadowing  building 
surfaces  can  be  specified.  When  necessary,  each  building  can  lie 
represented  by  more  than  one  plate.  For  each  plate.  It  Is  required 
to  know  the  coordinates  of  the  corners,  the  surface  roughness, 
complex  dielectric  constant,  and  the  tilt  of  the  building  with 
respect  to  the  vertical. 

-a  total  of  ten  scattering  and  ten  shadowing  aircraft  can  be  modeled. 
Each  aircraft  Is  specified  by  the  x  and  y  coordinates  of  the  nose 
and  tail,  type  of  aircraft  (B-747,  B-707-320B,  B-727,  DC-10,  C-124, 
Convalr  880,  or  Hastings),  and  the  altitude.  Other  aircraft  may  be 
modeled  if  necessary. 

-the  x,  y,  and  z  coordinates  of  the  front,  center,  and  back  of  a 
runway  hump. 

-the  number  of  waypoints  in  the  segmented  approach,  the  x,  y, 
and  z  coordinates  of  the  end  points  of  each  segment,  and  the 
velocity  of  the  receiver  in  ft. /sec. 

-runway  length  and  width,  the  coordinates  of  the  glide  path 
intercept  point,  and  the  3dB  beamwidth  of  the  antenna  system. 

For  further  information  on  MLS  modeling,  contact  Federal  Aviation 
Administration  FAA/APM-400,  800  Independence  Ave.  S.W.,  Washington,  D.C. 
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